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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IMAGE DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

1. F ie ld of th e I nv e nt i on: 
[0001] 

The present invention relates to an image display device which utilizes an 
emission of electrons into a vacuum - to produce a display; and, more particularly, 
the invention relates to an image display device of the type described w hich exhibits 
high brightness and excellent image reproducibility by enhancing the electron 
emission characteristics of the electrons emitted from the electron sources and the 
focusing characteristics of the electron beams. 
[0002] 

2. D e scr i ption of th e R e lat e d Art 

As an image display device which exhibits the-a_high brightness and the-high 
definition, color cathode ray tubes have been popularly used conventionally up to 
now. However, along with the-a_recent r e qu e st demand for the provision of higher 
quality e^images ef-in information processing equipment or in television 
broadcasting, the demand for planar displays (panel displays) which are light in 
weight and require a small space A while exhibiting tbe-a_high brightness and the-high 
definition has been increasing. 
[0003] 

As typical examples, liquid crystal display devices, plasma display devices 
and the like have been put into practice. Further, part i cu l ar l y, as display devices 
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which can realize the-higher brightness, various kinds of panel-type display devices,, 
including a display device which utilizes an emission of electrons from electron 
sources into a vacuum space (hereinafter referred to as an electron emission type 
display device or a field emission type display device) and an organic EL display 
device, w hich is characterized by low power consumption^ have been 
commercialized. 
[0004] 

Among such panel type display devices, such as the above-mentioned field 
emission type display device, there are a display device having an electron emission 
structure^ which was i nvent e d proposed bv C. A. Spindt et al. (see U.S Patent 
Specification 3453478, Japanese Unexamined Patent Publication 2000-21305, for 
example), a display device having an electron emission structure of a metal- 
insulator-metal (MIM) type, a display device having an electron emission structure 
which utilizes an electron emission phenomenon based on a quantum theory 
tunneling effect (also referred to as "surface conduction type electron source, see 
Japanese Unexamined Patent Publication 2000-21305), for e xamp l e, and a display 
device which utilizes an electron emission phenomenon having a diamond film, a 
graphite film and carbon nanotubes and the like A hav o b o on known for example . 
{0005} 

The above-mentioned field emission type display device is configured such 
that the display device includes a back substrate,, on which cathode lines having field 
emission type electron sources are formed on inner surfaces thereof af>d- along with 
control electrodes^ ar e formod and a face substrate , on which forms anodes and 
phosphor layers are formed on an inner surface thereof which faces the back 
substrate , whoroin tho . The back substrate and the face substrate are laminated to 
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each other with a sealing frame interposed between inner peripheral portions thereof 
to form a space in a vacuum state i n th e i ns i d e th e r e o f therebetween . Further, there 
has b ee n j s_also a_known tbe-structure in which A to maintain a desired distance 
between the back substrate and the face substrate at a given value, distance holding 
members are provided between the back substrate and the face substrate. Here, 
this type of r el ated art device is described in Japanese Unexamined Patent 
Publication Hei10 (1998)-1 34701, Japanese Unexamined Patent Publication 2000- 
306508 and the like. 
[0006] 



SUMMARY OF THE INVENTION 
The-A_field emission type display device having such a constitution is 
provided with control electrodes having electron passing holes between the electron 
sources formed in the cathode lines disposed on the back substrate and anodes 
formed on the face substrate, wherein by imparting a given potential difference to the 
control electrodes with respect to the cathode lines, electrons are pulled out from the 
electron sources, these electrons are made to pass through the electron passing 
holes formed in the control electrodes and are made to impinge on phosphors at an 
anode side A whereby an image display is p e rformed produced . 
[0008] 

However, in the image display device having such a constitution, the control 
electrodes are constituted of a large number of strip-like electrode elements which 
are arranged in parallel and are disposed close to the electron sources. The current 
density of the electrons pulled out of the electron sources depends on electric fields 
which are formed between the electron passing holes formed in the strip-like 
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electrode elements which constitute the control electrodes and the cathode lines. 
That is, the-an increase ef-jnjhe number of electron passing holes, the-an increase 
ef-a -in the hole diameter of the electron passing holes and the application of a high 
voltage do not always increase the current density. Further, even when a- the current 
which is made to flow in the cathode lines is simply increased, the current density 
per pixel cannot be increased. 
{0009} 

Further, the strip-like electrode elements which constitute the control 
electrodes are formed in an extremely minute web form A and A hence, it is desirable 
that the hole diameter of the electron passing holes is as small as possible from a 
the viewpoint of mechanical strength. However, when the hole diameter of the 
electron passing holes is made excessively small, ae -the absolute quantity of 
electrons taken out through the control electrodes is limited A and A hence, there e x i sts 
the -is a limitation with respect to the reduction of the hole diameter of the electron 
passing holes. 
[0010] 

Further, the strip-like electrode elements (MRG) which constitute the control 
electrodes are formed in an extremely minute web form using a thin film or a thin 
plate made of a metal material having a thickness of approximately 0.05 mm. 
Accordingly, aiv the electric field generated between the control electrodes and the 
anodes and ar hthe electric field generated between the control electrodes and the 
cathode lines influence each other A and A hence, there has been a drawback in that 
the -achievinq an optimum d e s i gn i ng design of the electron emission characteristics 
and the electron beam focusing characteristics is difficult. 
[0011] 
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Further, it is extremely difficult to ensure with high accuracy the coaxiality 
between a large number of electron sources formed on the cathode lines of the back 
substrate and respective open holes formed in the control electrodes corresponding 
to these respective electron sources over the whole surface of a display region^ and A 
hence, the electrons emitted from the electron sources flow into the control 
electrodes^ whereby there have been drawbacks luthat the display efficiency is 
lowered, a_disturbance is generated with respect to af hthe anode current, and the 
display efficiency is lowered. 
[0012] 

Further, the CNT (carbon nanotubes) which constitute the electron sources 
are -tend to be degenerated and dissipated due to the-heat treatment m -durinq 
certain manufacturing steps A and A hence, tbe-a_fluctuation (irregularities) of the light- 
emitting starting voltage is generated A whereby a sufficient electron emission quantity 
is not obtained. Accordingly, it is necessary to largely increase a- the drive voltage,. 
and A hence, there has been a drawback in that it becomes difficult to provide the 
electron sources which can obta i n tho produce a uniform electron emission. 
[0013] 

Accordingly, the present invention has been made to solve the above- 
mentioned conventional drawbacks^ and it is an object of the present invention to 
provide an image display device which can reduce the mutual influence attributed to 
an electric field between respective electrodes and can obtain the-a_high current 
density with low voltage driving by defining the relationship among a size between 
acceleration electrodes and control electrodes, a size between the control electrodes 
and cathode lines, short diameters of electron passing holes formed in the control 
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electrodes and the acceleration electrodes, and the thicknesses of the control 

electrodes and the acceleration electrodes. 

[001 4 ] 

Further, it is another object of the present invention to provide an image 
display device that is capable of obtaining high performance and high reliability by 
reducing ajowering of the electron emission characteristics and the electron beam 
focusing characteristics. 
[0015] 

To achieve such objects, an image display device according to the present 
invention includes: 

(1) a face substrate on which forms anodes and phosphors are formed on an 
inner surface thereof^ 

(2) a back substrate which for m s has a plurality of cathode lines which extend 
in one direction and are arranged in parallel in another direction which intersects one 
direction and which include electron sources T : control electrodes which are arranged 
to face the cathode lines in a non-contact manne r and include a plurality of electron 
passing holes which allow electrons emitted from the electron sources to pass 
therethrough to an inner surface side of the face substrate in regions which 
respectively face the electron sources, and which control af hthe emission quantity of 
electrons emitted from the electron sources T ; and acceleration electrodes which face 
the control electrodes in a non-contact manner, include a plurality of electron passing 
holes which allow the electrons which pass through the electron passing holes 
formed in the control electrodes to pass therethrough in regions which respectively 
face the respective electron passing holes formed in the control electrodes, and 



accelerate the electrons which pass through the electron passing holes on an inner 
surface thereof, and face the face substrate with a given distance therebetween; and 

(3) a frame body which is inserted between the face substrate and the back 
substrate while surrounding a display region and which holds a given distance 
between the face substrate and the back substrate , wh e r ei n^ 

In the arrangement described above, assuming a distance between the 
electron sources and the control electrodes as Lkg, a distance between the control 
electrodes and the acceleration electrodes as L12, a thickness of the electron 
passing holes formed in the control electrodes as Tgl and a short diameter of the 
electron passing holes formed in the control electrodes as FGI, the acceleration 
electrodes satisfy the relationship (Lkg + Tgl + L12/2)/FGI > 0.25^ 

Further, assuming a thickness of the electron passing holes formed in the 
acceleration electrodes as Tg2 and a short diameter of the electron passing holes of 
the acceleration electrodes as FG2, the acceleration electrodes satisfy the 
relationship Tg2min < Tg2 < Tg2max and the relationship Tg2min = 2.98FG2 - 0.04 7i 
Also, assuming FG2 < 0.109, the acceleration electrodes satisfy the relationship 
Tg2max = 0.02/(0.1 15 - FG2) - 0.06, and_assuming FG2 > 0.109, the acceleration 
electrodes satisfy the relationship Tg2max = 0.03/(FG2 - 0.1) + 0.045. 
[0016] 

Further, another image display device according to the present invention 
includes: 

(1) a face substrate which forms anodes and phosphors on an inner surface 
thereof?; 

(2) a back substrate which forms has a plurality of cathode lines which extend 
in one direction and are arranged in parallel in another direction which intersects one 
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direction and include electron sources T ; control electrodes which are arranged to 
face the cathode lines in a non-contact manner, include a plurality of electron 
passing holes which allow electrons emitted from the electron sources to pass 
therethrough to an inner surface side of the face substrate in regions which 
respectively face the electron sources and control an emission quantity of electrons 
emitted from the electron sources T : and acceleration electrodes which face the 
control electrodes in a non-contact manner, include a plurality of electron passing 
holes which allow the electrons which pass through the electron passing holes 
formed in the control electrodes to pass therethrough in regions which respectively 
face the respective electron passing holes formed in the control electrodes, the 
electron passing holes being formed while having an N-stage structure in which af* 
the open hole diameter thereof is gradually increased in the direction toward the face 
substrate, and accelerate the electrons which pass through the electron passing 
holes on an inner surface thereof, and face the face substrate with a given distance 
therebetween; and 

(3) a frame body which is inserted between the face substrate and the back 
substrate while surrounding a display region and holds a given distance between the 
face substrate and the back substrate , wh e r ei n ^ 

In this arrangement assuming a distance between the electron sources and 
the control electrodes as Lkg, a distance between the control electrodes and the 
acceleration electrodes as L12, a thickness of the electron passing holes formed in 
the control electrodes as Tgl and a short diameter of the electron passing holes 
formed in the control electrodes as FGI, the acceleration electrodes satisfy the 
relationship (Lkg + Tgl + L12/2)/FGI > 0.25 Ti 
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Further, assuming a thickness of a first-stage open hole of the electron 
passing hole of the acceleration electrode as Tg2-1 , a thickness(depth) of open 
holes ranging from the first-stage open hole to an Nth-stage open hole of the 
electron passing hole of the acceleration electrode as Tg2-N, a short diameter of the 
first-stage open hole of the electron passing hole of the acceleration electrode as 
FG2-1 , a short diameter of the Nth-stage open hole of the electron passing hole of 
the acceleration electrode as FG2-N, a minimum value of a thickness (depth) of 
open holes ranging from the first-stage open hole to the Nth-stage open hole as 
Tg2min-N, and a maximum value of a thickness (depth) of open holes ranging from 
the first-stage open hole to the Nth-stage open hole as Tg2max-N, the acceleration 
electrodes satisfy the relationship FG2 - 1 < FG2 - 2 < ...< FG2 - N,_wherein with 
respect to at least one Tg2-N, the relationship Tg2 - N > Tg2min - N is satisfied, and 
with respect to all Tg2-N, the relationship Tg2 - N < Tg2max - N is satisfied. 
[0017] 

Further, another image display device according to the present invention 
includes: 

(1) a face substrate which forms anodes and phosphors on an inner surface 
thereof^ 

(2) a back substrate which forms -has cathodes which form electron sources 
on a display region 7 ; control electrodes which are arranged to face the cathodes in a 
non-contact manner, include a plurality of electron passing holes which allow 
electrons emitted from the electron sources to pass therethrough to an inner surface 
side of the face substrate in regions which respectively face the electron sources and 
control an emission quantity of electrons emitted from the electron sources T : and 
acceleration electrodes which face the control electrodes in a non-contact manner, 
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include a plurality of electron passing holes which allow the electrons which pass 
through the electron passing holes formed in the control electrodes to pass 
therethrough in regions which respectively face the respective electron passing holes 
formed in the control electrodes, and accelerate the electrons which pass through 
the electron passing holes toward the inner surface side of the face substrate on an 
inner surface thereof, and face the face substrate with a given distance 
therebetween; and 

(3) a frame body which is inserted between the face substrate and the back 
substrate while surrounding a display region and holds a given distance between the 
face substrate and the back substrate , wh e r ei n^ 

In this arrangement assuming a distance between the electron sources and 
the control electrodes as Lkg, a distance between the control electrodes and the 
acceleration electrodes as L12, a thickness of the electron passing holes formed in 
the control electrodes as Tgl and a short diameter of the electron passing holes 
formed in the control electrodes as FGI, the acceleration electrodes satisfy the 
relationship (Lkg + Tgl + L12/2)/FGI > 0.25 Ti 

Further assuming a thickness of the electron passing holes formed in the 
acceleration electrodes as Tg2 and a short diameter of the electron passing holes of 
the acceleration electrodes as FG2, the acceleration electrodes satisfy the 
relationship Tg2min < Tg2 < Tg2max and the relationship Tg2min = 2.98FG2 - 0.04 7i 

Also, assuming FG2 < 0.109, the acceleration electrodes satisfy the 
relationship Tg2max = 0.02/(0.1 15 - FG2) - 0.06, and_assuming FG2 > 0.109, the 
acceleration electrodes satisfy the relationship Tg2max = 0.03/(FG2 - 0.1) + 0.045, 
andjnatrix driving is performed using the control electrodes and the acceleration 
electrodes. 
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[0018] 

Further, in another image display device according to the present invention, it 
is desirable that the control electrodes and the acceleration electrode have the-an 
electrode structure made of conductive metal plate members. Further, it is desirable 
that the electron sources and the cathodes are made of carbon nanotubes. Still 
further, the control electrodes and the acceleration electrodes may adopt any one of 
tbe-ajaminated film electrode structure which forms formed of conductive metal 
films, the-ajaminated electrode structure jn_which fefm-conductive metal films are 
formed on both surfaces of an insulation substrate^ and the-ajaminated electrode 
structure in which forms strip-like electrode elements are formed on a cathode side 
of an insulation substrate and ferns-conductive metal films are formed on an anode 
side of the insulation substrate. 
[0019] 

Due to the above-mentioned respective constitutions of the present invention, 
by performing the-triode electron emission by defining respective distances among 
the electron sources, the control electrodes and the acceleration electrodes, the 
thicknesses of the control electrodes and the acceleration electrodes and the open 
hole diameters of the electron passing holes, it is possible to obtain the-a_high 
current density with low-voltage driving. 
[0020] 

Further, according to another image display device of the present invention, 
by forming the cathodes using a single electrode and performing the-triode electron 
emission, the electron sources of the cathodes and the electron passing holes 
formed in the control electrodes are aligned in a self-alignment manner A and A hence, 



it is possible to set the inflow current to the control electrodes to zero by the-self- 

alignment of the electric field. 

[0021] 

H e r e , th e The present invention is not limited to the above-mentioned 
constitutions and the constitutions of embodiments described later and various 
modifications can be made without departing from the technical concept of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an enlarged cross-sectional view of the vicinity of one pixel fef 

schematically e xp l aining showing one embodiment of an image display device 

according to the present invention; 

Fig. 2 is a view -diagram showing electron emission characteristics when a 

triode operation and a diode operation of the image display device shown in Fig. 1 

are compared to each other; 

Fig. 3 is a view -graph showing electron emission characteristics when carbon 

nanotubes (CNT) are used as electron sources of the image display device shown in 

Fig. 1; 

Fig. 4 is a view -graph showing the relationship between driving states and 
operation points when the triode of the image display device shown in Fig. 1 is 
operated; 

Fig. 5 is a timing chart of driving pulses which are applied to respective 
electrodes when the triode operation of the image display device shown in Fig. 1 is 
performed; 



Fig. 6 (a) and Fig. 6 (b) are views- graphs showing the relationship of a change 
of a potential of acceleration electrodes with respect to a hole diameter of electron 
passing holes formed in the acceleration electrode; 

Fig. 7 is a view-graph showing the relationship of a peak of a current density 
in electron sources with respect to the hole diameter of the electron passing holes 
formed in the control electrode; 

Fig. 8 is a view- graph showing the relationship of thicknesses of acceleration 
electrodes with respect to a shortest diameter of electron passing holes formed in 
the acceleration electrodes; 

Fig. 9 is an enlarged cross-sectional view showing the constitution of electron 
passing holes formed in acceleration electrodes for expla i n i ng representing another 
embodiment of the image display device according to the present invention; 

Fig. 10 is an enlarged cross-sectional view of the vicinity of one pixel for 
schematically e xp l a i ning showing t he constitution of another embodiment of the 
image display device according to the present invention; 

Fig. 1 1 is a timing chart of driving pulses applied to respective electrodes 
when a triode operation of the image display device shown in Fig. 10 is performed; 
and 

Fig. 12 is a view -graph showing the relationship of a cathode potential, a 
control electrode potential and an acceleration electrode potential with light emission. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0022] 

Preferred embodiments of the present invention afe-wiiLbe_explained j n detail 
hereinafter in conjunction with the drawings wh i ch ohow these embod i ments. F i g. 1 
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i s an e n l arged cross sect i ona l v ie w of tho vic i nity of ono p i xe l for sch e mat i ca ll y 
exp l a i ning one embodiment of an image d i splay dev i ce accord i ng to the present 
i nv e nt i on . In Fig. 1, symbol SUB1 indicates a back substrate which is formed of an 
insulation substrate preferably made of glass or the like and constitutes a back panel 
PN1 . On an inner surface of the back substrate SUB1 , a plurality of cathode lines 
CL having electron sources K extend in one direction x (horizontal direction in this 
embodiment) and are arranged in parallel in another direction y (vertical direction in 
this embodiment). 
[0023] 

Further, over the back panel PN1, control electrodes G1 each having a 
plurality of electron passing holes EHL A which allow electrons E emitted from the 
electron sources K to pass therethrough to a face panel PN2 side A are arranged in a 
non-contact state with the back panel PNL. Here, the control electrodes G1 intersect 
the cathode lines CL in a non-contact state, extend in the y direction and are 
arranged in the x direction in parallel and form pixels at intersecting portions thereof 
with the cathode lines CL. Further, over the control electrodes Gl, acceleration 
electrodes G2 having electron passing holes AHL in regions which face the 
respective electron passing holes EHL formed in the control electrode G1 in an 
opposed manner are arranged in a non-contact state. 
[002 4 ] 

Here, the cathode lines CL are formed by patterning a conductive paste 
containing silver or the like by printing and, thereafter baking the patterned 
conductive paste. Further, the electron sources K which are arranged on upper 
surfaces (face-substrate-SUB2-side) of intersection portions between these cathode 
lines CL and the control electrodes G1 are made -formed of CNT (carbon nanotubes), 
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for example. As an example, the cathode lines CL are formed by patterning an Ag- 
B-CNT paste by printing and baking the printed paste. Further, the control 
electrodes G1 and the acceleration electrodes G2 are formed of a conductive metal 
plate material such as nickel, for example, and the electron passing holes EHL and 
the electron passing holes AHL are formed in the control electrodes G1 and the 
acceleration electrodes G2 by etching or press forming. 
[0025] 

On the other hand, a face panel PN2 is laminated to the back panel PN1 with 
a given distance therebetween in the z direction using a frame body £not shown in 
the drawing). The face panel PN2 includes phosphors PHS which are partitioned by 
black matrixes BM and anodes ADE on an inner surface of a face substrate SUB2 
formed of a light-transmitting insulation substrate made of glass or the like. A space 
defined between the back panel PN1 and the face panel PN2 is sealed in a vacuum 
state . 
[0026] 

In such a constitution, a triode operation, in which mak e s t he control 
electrodes G1 have a potential lower than a- the potential of the electron sources K 
and makes t he electron sources K emit electrons E in response to a potential of the 
acceleration electrodes G2 A is performed. The electrons E which are emitted from 
the electron sources K by the triode operation pass through the electron passing 
holes EHL of the control electrodes G1 in a state that an wherein the electron 
quantity is controlled and, then, pass through the electron passing holes AHL of the 
acceleration electrodes G2. Here, the electrons are accelerated by the electron 
passing holes AHL and are directed to the anodes ADE as electron beams EB ae# 
so as to excite the phosphors PHS , thereby to make the phosphors PHS emit light at 



a given wavelength. A display region is formed on the face panel PN2 by arranging 
the pixels two-dimensionally and images are displayed on the display region. 

To compare the triode operation and the diode operation with respect to the 
electron emission characteristics, in Fig. 2, a -the diameter FK of the electron sources 
K is taken along an axis of abscissas and a -the current density ik is taken on an axis 
of ordinates. In the drawing, symbol T indicates the triode operation characteristics 
and symbol D indicates the diode operation characteristics. In the diode operation, 
the control electrode G1 mfr NJisposed above the electron source K possesses the-a 
positive potential with respect to the electron source K and directly pulls out the 
electrons E from the electron source K; and A hence, the current density becomes 
frigfr -higher in the vicinity or right below the control electrode G1 (a portion 
surrounding the electron passing hole EHL) than in a- the main portion of the electron 
passing hole EHL. Here, when a -the range of the electron source K with respect to 
the electron passing hole EHL of the control electrode G1 is not controlled, the 
cathode current contains a large quantity of an inflow current to the control electrode 
GIG1. On the other hand, although an attempt is made to set the inflow current to 
the control electrode G1 to zero by controlling the diameter and the position of the 
electron source K, the high current density region in the vicinity of the control 
electrode Q H31 cannot be utilized^ and A hence, afh -the electric current quantity is 
decreased. 
[0028] 

On the other hand, in the triode operation, the control electrode G1 fight 
disposed above the electron source K possesses tbe-a_negative potential with 
respect to the electron source K and performs a function of suppressing the 
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infiltration of an electric field to the electron source K. As a result, the electron 
emission characteristics are self-aligned with respect to the electron passing hole 
EHL of the control electrode G1 , wh e r ei n whereby the largest current density 
appears at a center portion of the electron passing hole EHL and the current density 
becomes zero in the vicinity of the control electrode G1 (an outer peripheral portion 
of the electron passing hole EHL). Accordingly, even when the diameter and the 
position of the electron source K are not controlled with high accuracy, the inflow 
current to the control electrode G1 becomes zero A and A hence, it is possible to obtain 
the maximum current structurally. 

Fig. 3 is a view showing the electron emission characteristics of the electron 
source K when CNT(carbon nanotubes) is- are used as the electron emission 
material of the electron source K. In Fig. 3, a -the field strength E of the vicinity of the 
electron source is taken on an axis of abscissas and a- the current density ik is taken 
on an axis of ordinates. That is, Fig. 3 shows tbe-a_comparison of the voltage 
distribution in the diode operation and the triode operation. In the diode operation, it 
is necessary to apply an electric field Ee which is necessary for field emission as a 
potential difference formed of a potential Ek of the electron source K and a potential 
Ec of the control electrode Gl TOfrt -disposed above the electron source K. As a 
result, when the electron emission characteristics of the CNT Is -are deteriorated, it is 
necessary to increase the drive voltages for the electron source K and the control 
electrode G l r i ght G1 that is disposed above the electron source K. 
{0030} 

On the other hand, in the triode operation, an electric field Ee which is 
necessary for field emission is given as a potential difference formed of the potential 
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Ek of the electron source K, a potential Eel of the control electrode G1 and a 
potential Ec2 of the acceleration electrode G2. Accordingly, by supplying a bias 
amount before start i ng the start of electron emission to the acceleration electrode G2 
as a DC voltage, even when the CNT characteristics are deteriorated, it is possible to 
obtain a desired current without increasing the drive voltages of the electron source 
and the control electrode. 
[0031] 

Fig. 4 is a view showing the driving states and operation points at the time of 
performing the triode operation, wherein a potential difference AEc2-1 between a 
potential Ec2 of the acceleration electrode G2 and a potential Ec1 of the control 
electrode G1 is taken on an axis of abscissas and a potential difference AEcK-1 
between a potential Ekco of the electron source K and a potential Ed of the control 
electrode G1 is taken on an axis of ordinates. Further, in the drawing, symbol 
CUTOFF indicates the cutoff (brightness point erasing) characteristics, wherein a 
point A shows represents the operation point when the pixel is selected, the point B 
shows represents the operation point when the pixel is not selected, and symbol Ed 
indicates a maximum amplitude of a -the cathode signal. Further, a portion C above 
the CUTOFF indicates a region where the pixel does not emit light A and a portion D 
below the CUTOFF indicates a region where the pixel emits light. 
[0032] 

As shown in Fig. 4, the potential Ec1 of the control electrode G1 becomes 0V 
when the pixel is selected. Here, a DC current Ec2 applied to the acceleration 
electrode G2 is adjusted such that the cutoff voltage Ekco of the electron source K 
assumes an optimum value with respect to the drive circuit. A video signal is 
inputted with a_negative polarity with respect to the cutoff voltage Ekco A which 
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constitutes a reference point. When the pixel is not selected, the potential Ec1 of the 
control electrode G1 assumes a value below OV. As shown in Fig. 4, since the 
operation point B of the electron source K is given with respect to the potential Ed 
of the control electrode G1 which constitutes the reference, the operation point B is 
offset in the direction that -in which the light is not emitted from the pixel. Further, the 
maximum amplitude Ed of the signal applied to the electron source K is defined by 
the maximum voltage which does not generate emission of light from the pixel with 
respect to the operation point A at the time of selecting the pixels. 
{0033} 

Accordingly, as shown in Fig. 5, by performing the matrix driving in a state that 
in which the DC voltage Ec2 is applied to the acceleration electrode G2, the drive 
pulse of the potential Ekco is applied to the cathode line CI and the drive pulse of the 
potential Ec1 is applied to the control electrode G1 under the above-mentioned 
conditions,. and A hence, it is possible to perform the triode operation. 
{0034} 

Next, the dimensions of the electrodes in the triode operation mode afe- will be 
explained. Among the dimensions of the electrodes, the dimensions which influence 
the emission of the electrons E from the electron source K are, as shown in Fig. 1, 
an open hole shape of the electron passing hole EHL formed in the control electrode 
G1, an open hole shape of the electron passing hole AHL at a control electrode G1 
side formed in the acceleration electrode G2, a distance Lkg between the electron 
source K and the control electrode G1, a distance L12 between the control electrode 
G1 and the acceleration electrode G2, and a thickness (depth) Tg1 of the electron 
passing hole EHL formed in the control electrode Tg1. 
[0035] 



In general, the pixel arrangement of the matrix display adopts tbe-a_parallel 
arrangement. Accordingly, a -the basic shape of the pixels is a square shape or a 
rectangular shape A and A hence, it is desirable that the respective electron passing 
holes EHL, AHL have a simple shape,, such as a rectangular shape, an oblong 
shape, a circular shape or the like. Further, when the hole shape of the electron 
passing hole AHL at the control electrode G1 side formed in the acceleration 
electrode G2 has a smaller hole diameter than the hole shape of the electron 
passing hole EHL formed in the control electrode G1 , the original control function of 
the control electrode G1 is lowered^ and A hence, an inflow current to the acceleration 
electrode G2 is liable to be easily generated. Accordingly, the formation of electron 
passing holes AHL, EHL having such hole shapes is not desirable. 

Here, Fig. 6(a) and Fig. 6(b) show the change of the potential Ec2 of the 
acceleration electrode G2 when the cutoff voltage Ekco assumes 40V, for example, 
in a state that- in which the hole shape of the electron passing hole AHL formed in the 
acceleration electrode G2 has an is^oblong shap e. Fig. 6(a) shows the change of 
the potential Ec2 of the acceleration electrode G2 with respect to a -the short 
diameter FG2 of the electron passing hole AHL A and Fig. 6(b) shows the change of 
the potential Ec2 of the acceleration electrode G2 with respect to a- the long diameter 
fG2 of the electron passing hole AHL. Fig. 6(a) shows the change of the potential 
Ec2 of the acceleration electrode G2 with respect to the short diameter FG2 of the 
electron passing hole AHL when the distance Lkg between the electron source K 
and the control electrode G1 is set to 0.02mm, the distance L12 between the control 
electrode G1 and the acceleration electrode G2 is set to 0.1mm, the thickness Tg1 of 
the electron passing hole EHL formed in the control electrode G1 is set to 0.001mm, 



and the long diameter fG2 of the acceleration electrode G2 is set to 0.52mm. On the 
other hand, Fig. 6(b) shows the change of the potential Ec2 of the acceleration 
electrode G2 with respect to the long diameter fG2 of the electron passing hole AHL 
when the distance Lkg between the electron source K and the control electrode G1 
is set to 0.02mm, the distance L12 between the control electrode G1 and the 
acceleration electrode G2 is set to 0.1mm, the thickness Tg1 of the electron passing 
hole EHL formed in the control electrode G1 is set to 0.001mm, and the short 
diameter FG2 of the electron hole AHL formed in the acceleration electrode G2 is set 
to 0.07mm and 0.1mm. 
{0037} 

As shown in Fig. 6(a) and Fig. 6(b), the change of the short diameter FG2 of 
the electron passing hole AHL formed in the acceleration electrode G2 gives the-a 
strong influence to the potential Ec2 of the acceleration electrode G2 compared to 
the change of the long diameter fG2. Accordingly, the electrode dimensions in the 
triode operation mode are determined based on the short diameter FG1 of the 
electron passing hole EHL formed in the control electrode G1, the short diameter 
FG2 of the electron passing hole AHL formed in the acceleration electrode G2, the 
distance Lkg between the electron source K and the control electrode G1, the 
distance L12 between the control electrode G1 and the acceleration electrode G2, 
and the thickness Tg1 of the electron passing hole EHL formed in the control 
electrode G1 shown in Fig. 1. 
{0038} 

Further, although the triode operation is performed by the constitution formed 
of the electron source K, the control electrode G1 and the acceleration electrode G2, 
when the distance Lkg between the electron source K and the control electrode G1, 



the distance L12 between the control electrode G1 and the acceleration electrode 
G2, and the thickness Tg1 of the electron passing hole EHL formed in the control 
electrode G1 are small compared to the short diameter FG1 of the electron passing 
hole EHL formed in the control electrode G1 and the short diameter FG2 of the 
electron passing hole AHL formed in the acceleration electrode G2, the control 
action of the control electrode G1 is decreased and the electron emission 
approaches the diode characteristics. 
[0030] 

Fig. 7 is a view in which a- the rate of (Lkg + Tg1 + L12/2)/FG1 is taken on an 
axis of abscissas and a -the rate Dikp/FGI^ which is a -the rate of a peak diameter 
Dikp of current density in the electron source K with respect to the short diameter 
FG1 of the electron passing hole EHL formed in the control electrode G1 A is taken on 
an axis of ordinates A and this graph shows the relative positions of peak regions of 
the current density with respect to the electron passing hole. Here, the reason that 
the -whv only the distance L12 between the control electrode G1 and the acceleration 
electrode G2 is multiplied by 1/2 times is that the degree of influence to which the 
distance L12 affects the electron source K is relatively small compared to the above- 
mentioned distance Lkg and thickness Tg1 A and it_becomes substantially 1/2 (the 
experimental value obtained in a cathode-ray-tube electron gun). 
[00 4 0] 

As shown in Fig. 7, when the value (Lkg + Tg1 + L12/2)/FG1 becomes small, 
the peaks of the current density form a crater-shaped distribution which is formed so 
as to surround the center of the electron passing hole along the periphery of the 
electron passing hole EHL formed in the control electrode G1 and approaches the 
diode characteristics indicated by D shown in Fig. 2. The above-mentioned peak 
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diameter Dikp of the current density is defined by two peak distances which appear 
when the crater-like peak distribution is shown in a cross section like the cross 
section shown in Fig. 2. It is in_a range of (Lkg + Tg1 + L12/2)/FG1 >0.25 that the 
peak diameter of the current density falls inside 50% of the hole diameter A and A 
hence, the characteristics of the triode is strengthened. Further, it is in_a range of 
(Lkg + Tg1 + L12/2)/FG1 >0.50 that the peak value of the current density is present 
at the center portion of the electron passing hole EHL formed in the control electrode 
G1 A and A hence, the complete triode characteristics are obtained. 
[0041] 

Next, the optimization of the triode characteristics of the acceleration 
electrode G2 is- will be explained. When the thickness Tg2 of the electron passing 
hole AHL formed in the acceleration electrode G2 is increased, an electron lens A 
which is constituted of the electron source K, the control electrode G1 and the 
acceleration electrode G2 ± and an electron lens A which is constituted of the 
acceleration electrode G2 and the anode ADE A are completely separated^ and A 
hence, it is possible to design the electron emission characteristics and the electron 
beam focusing characteristics independently. However, when the thickness Tg2 of 
the electron passing hole AHL formed in the acceleration electrode G2 is excessively 
increased, the electron beams which are once focused by the control electrode G1 
diverge^ and A hence, an inflow current to the acceleration electrode G2 is generated. 
In view of the above, there exists an optimum value with respect to the thickness Tg2 
of the electron passing hole AHL formed in the acceleration electrode G2. 
[0042] 

Here, to take the case of the diode operation into consideration, it is possible 
to make the electron emission characteristics and the electron beam focusing 
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characteristics independent from each other by increasing the thickness Tg1 of the 
electron passing hole EHL formed in the control electrode G1. However, since the 
control electrode G1 does not have the focusing function to focus the emitted 
electrons, the larger the thickness Tg1 of the electron passing hole EHL formed in 
the control electrode G1 , af Mhe more the inflow current to the control electrode G1 is 
increased^ whereby a- the quantity of electrons which reach the anode ADE is 
decreased. Here, when the thickness Tg1 the electron passing hole EHL formed in 
the control electrode G1 is made small to decrease the inflow current to the control 
electrode G1, the electron emission characteristics and the electron beam focusing 
characteristics cannot be separated. Accordingly, the optimum des i gning design 
becomes extremely difficult to attain in the diode operation. 
[0043] 

Assuming that the acceleration electrode G2 has a_one-stage constitution and 
a short diameter of the electron passing hole AHL is set to FG2, a minimum 
thickness Tg2min of the electron passing hole AHL formed in the acceleration 
electrode G2 which can separate the electron lens A which is constituted of the 
electron source K, the control electrode G1 and the acceleration electrode G2 A and 
the electron lens A which is constituted of the acceleration electrode G2 and the 
anode ADE A is obtained by a three-dimensional electron beam locus analysis. 
Further, a -the maximum thickness Tg2max of the electron passing hole AHL formed 
in the acceleration electrode G2 which can prevent the impingement of the electron 
beams on the acceleration electrode G2 is also obtained by a three-dimensional 
electron beam locus analysis. The result of the analysis is shown in Fig. 8. 
[00 44 ] 



As can be understood from Fig. 8, assuming that the thickness of the electron 
passing hole AHL of the acceleration electrode G2 as-]s_Tg2 and the short diameter 
of the electron passing hole AHL as-is_FG2, the thickness Tg2 of the electron 
passing hole AHL is expressed by Tg2min < Tg2 < Tg2max and the minimum 
thickness Tg2min of the electron passing hole AHL is expressed by Tg2min = 
2.98FG2 - 0.04. Further, when the short diameter FG2 of the electron passing hole 
AHL assumes the relationship FG2 < 0.109, the maximum thickness Tg2max is 
expressed by Tg2max = 0.02/(0.1 15 - FG2) - 0.06. Still further, when the short 
diameter FG2 of the electron passing hole AHL assumes the relationship FG2 > 
0.109, the maximum thickness Tg2max is expressed by Tg2max = 0.03/( FG2 - 0.1) 
+ 0.045. 
[00 4 5] 

Further, in Fig. 8, the reason that -why the maximum thickness Tg2max of the 
electron passing hole AHL formed in the acceleration electrode G2 is expressed by 
two different functions using the short diameter FG2 = 0.109 as a boundary is that a 
crossover^ which is a focusing point of electron beams formed by a control action of 
the control electrode G*\ ± is shifted away from the electron source K along with the 
increase of the short diameter FG2 and falls outside the region of the acceleration 
electrode G2 in the vicinity of the short diameter FG2 = 0.109. Further, in the region 
where the short diameter FG2 assumes FG2 > 0.109, the electron beams which are 
focused due to the control action of the control electrode G1 are converted into the 
diverging direction due to the electric field of the acceleration electrode G2 before 
the crossover is formed. 
[00 4 6] 



Here, in Fig. 8, with respect to the relationship between the short diameter 
FG2 and the thickness Tg2 of the electron passing hole AHL formed in the 
acceleration electrode G2, a range G surrounded in a triangular shape at a center 
portion of the drawing indicates an optimum region; and- whereas, the other regions 
indicated by symbols B1 and B2 are regions where the electrons E impinge on the 
acceleration electrode G2 A and a -the region indicated by symbol B3 indicates a 
region where the separation of the cathode electric field and the anode electric field 
is impossible. 
[00 4 7] 

Fig. 9 shows an enlarged cross-sectional view of an essential part for 
e xplain i ng the const i tut i on of the acceleration electrode G2 ef -representing another 
embodiment of the image display device according to the present invention. In Fig. 
9, a point which makes this embodiment different from the embodiment shown in Fig. 
1 lies in the fact that each electron passing hole AHL' which is formed in the 
acceleration electrode G2 is configured to have the-a_multi-stage (N stages) 
structure in which the short diameter FG2 is sequentially enlarged in a step-like 
manner in the direction from the control electrode G1 to the anode ADE. The multi- 
stage structure of the electron passing hole AHL' is formed such that the short 
diameter FG2 increases anrLsize th e r e of in the order of short diameters FG2-1 , FG2- 
2, ... FG2-N in the direction from the electron source K to the anode ADE A and the 
thickness (depth) Tg2 is increased in the order of the thicknesses Tg2-1, Tg2-2, ... 
Tg2-N corresponding to the respective short diameters. 
[00 4 8] 

In such a constitution, the minimum thickness Tg2min of the electron passing 
hole AHL' formed in the acceleration electrode G2 implies the shortest length which 
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can ensure a non-electric field region in the inside of the electron passing hole AHL'. 
In the non-electric field region, since the electrons advance in a straight manner, 
provided that the structure sequentially enlarges the short diameters FG2-1, FG2-2, 
... FG2-N from the electron source K side, it is sufficient that the lengths of the non- 
electric field corresponding to the hole diameters of the respective stages satisfy a 
range from the minimum thickness Tg2min to the maximum thickness Tg2max. 
{0049} 

Accordingly, assuming the open hole diameter and the open hole thickness of 
the Nth stage from the electron source K side as- are FG2-N and Tg2-N A respectively,, 
and assuming values obtained by putting FG2-N into the short diameter FG2 in the 
previously-mentioned formula as-are_Tg2min-N, Tg2max-N, the relationship FG2-1 < 
FG2-1 < ... < FG2-N is established. Further, with respect to at least one Tg2-N, the 
relationship Tg2-N > Tg2min - N is established. Still further, with respect to all Tg2- 
N, the relationship Tg2-N > Tg2max - N may be established. 
[0050] 

According to the constitutions of the above-mentioned respective 
embodiments, by the realization of the triode operation, the irregularities (fluctuation) 
of the light emission starting voltage attributed to the quality of the CNT is not 
converted into the-an elevation of the drive voltage,, but can be converted into the-a 
DC bias voltage of the acceleration electrode G2 A and A hence, the drive voltage can 
be reduced. Further, due to the realization of triode operation, the self-alignment of 
the electron emission portions of the electron source K and the electron passing 
holes EHL formed in the control electrode G1 is achieved^ and A hence, the inflow 
current given to the control electrode Gl G1 can be made zero due to the self- 
alignment of the electric field. 
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Further, according to the above-mentioned constitution, due to the tolerance 
in positioning between the effective region of the electron source K and the electron 
passing hole formed in the control electrode G1 and the tolerance in the control 
current, the effective region of the electron source K is not limited,, and A hence, the 
maximum current can be obtained structurally. Further, since the electric field 
generated between the anode ADE and the acceleration electrode G2 and the 
electric field generated between the control electrode G1 and the electron source K 
can be separated, it is possible to independently optimize the electron emission 
characteristics and the electron beam focusing characteristics r e sp e ctiv e ly . 

Further, €k*e4e -with such a constitution, since the electric field generated 
between the anode ADE and the acceleration electrode G2 and the electric field 
generated between the electron source K and the control electrode G1 can be 
separated, the accuracy in size and the accuracy in assembly of the structural parts A 
such as spacers provided for holding a given distance between respective 
constitutional electrodes and a -the frame body provided for holding a given distance 
between the face panel PN2 and the back panel PN1 A can be wholly alleviated. 

Fig. 10 is an enlarged cross-sectional view of the vicinity of one pixel fef 
schematically e xp l a i ning showing the constitution of another embodiment of the 
image display device according to the present invention. Parts identical to the 
above-mentioned parts shown in Fig. 1 are €Kven -identified by the same symbols and 
their explanation is omitted. I n F i g. 10, a A _point which makes tfris -the embodiment 
of Fig. 10 different from the embodiment shown in Fig. 1 lies in the fact that the 
cathode C is formed or matted on the whole inner surface of the back substrate 
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SUB1 A and the electron source K which emits electrons is formed or matted on the 

whole upper surface of the cathode C. 

[005 4 ] 

Here, the electron source K A which is matted on the whole upper surface of 
the cathode C A is made of CNT (carbon nanotubes), for example, and the electron 
source K is formed by applying an Ag-B-CNT paste to the cathode C by printing and 
baking the printed paste. 
[0055] 

Further, at the face panel PN2 side A as viewed from the cathode C, a plurality 
of control electrodes G1 A which are formed independently from each other and each 
of which includes a plurality of electron passing holes EHL for allowing electrons E 
from the electron source K to pass therethrough toward the face panel PN2 side A and 
a plurality of acceleration electrodes G2 X which are formed independently from each 
other and each of which includes a plurality of electron passing holes AHL A are 
arranged in a state tfrat -in which the electron passing holes EHL and the electron 
passing holes AHL are aligned coaxially with each other and respective electrodes 
are arranged in parallel with a given distance therebetween. 
[0056] 

If hWith such a constitution, a triode operation is performed, in which mak e s 
the control electrodes G1 have a potential lower than a -the potential of the cathode 
G1 and mak e s the electron sources K emit electrons E in response to a- the potential 
of the acceleration electrodes G2 is porformod . The electrons E which are emitted 
from the electron sources K formed on the cathode C by the triode operation pass 
through the electron passing holes EHL formed in the control electrodes G1 in a 
state that an in which the electron quantity is controlled^ and T then, thev pass through 



the electron passing holes ALH formed in the acceleration electrodes G2. Here, the 
electrons are accelerated by the electron passing holes AHL and are directed to the 
anodes ADE as electron beams EB and -so as to excite the phosphors PHS to make 
the phosphors PHS emit light at a given wavelength. A display region is formed on 
the face panel P2 by arranging the pixels two-dimensionally and images are 
displayed on the display region. 

In such a triode operation, as shown in Fig. 1 1 , a DC voltage Ek=0V is applied 
to the cathode C A which constitutes the electrode of a single potential in the whole 
area of the screen. Also A in performing the triode operation, a pulse voltage which 
assumes a control potential Ec1(OFF time) < Ec1'(ON time) < Ek is applied to the 
control electrode G1 A and a pulse voltage which assumes OV in an OFF time and an 
acceleration potential Ec2 in an ON time is applied to the acceleration electrode G2. 
[0058] 

Fig. 12 is a view showing the relationship among a- the potential of the 
cathode C, a -the potential of the control electrode G1 , a-the_potential of the 
acceleration electrode G2 and the emission of light when matrix driving is performed 
by the drive circuit shown in Fig. 11. In the drawing, a potential difference AEc2-1 
between the potential Ec2 of the acceleration electrode G2 and the potential Ec1 of 
the control electrode G1 is taken on an axis of abscissas and a potential difference 
AEcK-1 between the potential Ek of the cathode C and the potential Ec1 of the 
control electrode G1 is taken on an axis of ordinates. Further, in the drawing, 
symbol L1 indicates a light emitting region, symbol L2 indicates a light non-emitting 
region, and symbol CUTOFF indicates the cutoff characteristics. Tho matr i x Matrix 
driving is performed in conformity with the timing shown in following Table 1. 
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Table 1 



matrix driving 


potential of 
control electrode 


potential of 
acceleration 
electrode 


presence or 
non-presence of light 
emission 


line selection 
time 

(signal OFF) 


Ec1 


Ec2 


light not emitted 


line selection 
time 

(signal ON) 


Ecr 


Ec2 


light emitted 


line non-selection 
time(signal OFF) 


Ed 


0 


light not emitted 


line non-selection 
time(signal ON) 


Ecr 


0 


light not emitted 



[0060] 



Hero, i n In the above-mentioned explanation of the embodiment in 
conjunction with Fig. 1 1 , although the acceleration electrode G2 side is used as the 
gate lines and the control electrode G1 side is used as the signal lines, it is needless 
to say that the control electrode G1 side is^ may be used as the gate lines and the 
acceleration electrode G2 side ie- mav be used as the signal lines. 
[0061] 

Du e to With such a constitution, the electron sources K of the cathode C and 
the electron passing holes EHL formed in the control electrodes G1 are aligned in a 
self-alignment manner due to the rea li zat i on use of triode operation; and, at the 
same time, it is possible to set the inflow current to the control electrodes G1 to zero 
by the self-alignment of the electric field. Further, due to the tolerance in positioning 
and the tolerance in the control current, the effective diameter of the electron 
sources K of the cathode C is not limited,. and A hence, it is possible to obtain the 
maximum current structurally. 
{0082} 



Further, accord i ng to w jth_such a constitution, it is possible to perform the 
matrix driving using the-a_single cathode C. Further, by adopting the triode electron 
emission structure, the position of the electron sources K of the cathode C is self- 
aligned based on the positions of the control electrodes G1 and the acceleration 
electrodes G2 ± and A hence, patterning of the electron sources K becomes completely 
unnecessary. 
[0063] 

Here, in the above-mentioned embodiments, the-an explanation has been 
made -given w ith respect to the-a_case in which the control electrodes G1 and the 
acceleration electrodes G2 are formed of tbe-a_conductive metal plate material. 
However, it is needless to say that the present invention is not limited to such a case. 
That is, the control electrodes G1 and the acceleration electrodes G2 may be 
constituted of a laminated film electrode structure which is formed of conductive 
metal films. Further, the control electrodes G1 and the acceleration electrodes G2 
may be constituted of a laminated electrode structure in which the control electrodes 
G1 is -are formed of a conductive metal film on the cathode line CL side of the 
insulation substrate and the acceleration electrodes G2 is -are formed of a conductive 
metal film on the anode ADE side of the insulation substrate. Still further, the control 
electrodes G1 and the acceleration electrodes G2 may be constituted of a laminated 
electrode structure in which the control electrodes G1 is- are formed of a strip-like 
electrode element (MRG) on the cathode line CL side of the insulation substrate and 
the acceleration electrodes G2 Is -are f ormed of a conductive metal film on the anode 
ADE side of the insulation substrate. In these cases, it is also possible to obtain 
advantageous effects exactly equal to those described previously. 
[006 4 ] 
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Further, in the above-mentioned respective embodiments, the-an explanation 
i s mad e has been given with respect to the-a_case in which the open hole shape of 
the respective electron passing holes formed in the control electrode G1 and the 
acceleration electrode G2 has the is oblong shapo . However, the present invention 
is not limited to such a shape A and it is possible to obtain advantageous effects 
exactly equal to those described previously by adopting a circular shape, a 
rectangular shape or other various shapes as the open shape of the respective 
electron passing holes. 
[0065] 

Here, in the above-mentioned respective embodiments, tbe-an_explanation \s 
made -was given with respect to the-a_case in which the present invention is applied 
to the-a_field emission panel which is used as the-an image display device. 
However, it is needless to say that the present invention is not limited to such a case A 
and it is possible to obtain advantageous effects exactly equal to those described 
previously by applying the present invention to a display device , an image receiver 
set or the like which uses the field emission panel. 
[0066] 

As has been explained heretofore, according to the image display device of 
the present invention, by defining the distance among the electron sources, the 
control electrodes and the acceleration electrodes, the thicknesses of the respective 
electrodes and the hole diameters of the respective electron passing holes, by 
applying tbe-a_DC potential to the acceleration electrodes, by performing the-matrix 
driving using the cathode lines and the control electrodes and by performing the 
triode electron emission, it is possible to obtain the high current density with the-low 
voltage driving. Accordingly, even when the CNT characteristics of the electron 
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sources are deteriorated, it is possible to obtain the desired current without 
increasing the drive voltage,. and A hence, tbe-a_display device which exhibits the 
higher brightness and the-higher reproducibility can be realized. 

Further, it is also possible to obtain other extremely excellent advantageous 
effects including following advantageous effects. Due to the reduction of the drive 
voltage, it is possible to largely reduce the cost of the drive circuit and it is also 
possible to largely enhance the reliability of the image display device. Still further, 
the tolerance can be increased in all aspects compared to the diode operation, a-the 
yield rate can be largely enhanced and, at the same time, the accuracy of the 
constitutional parts can be alleviated^ and A hence, individual costs of the respective 
constitutional parts can be largely reduced. 
[0067] 

Further, according to the image display device of the present invention, by 
defining the distance among the electron sources, the control electrodes and the 
acceleration electrodes, the thicknesses of the respective electrodes and the hole 
diameters of the respective electron passing holes, the electric field generated 
between the anodes and the acceleration electrodes and the electric field generated 
between the control electrodes and the electron sources can be separated from each 
other; and A hence, the mutual influence between these electric fields can be 
eliminated^ whereby it is possible to obtain the extremely excellent advantageous 
effect that the-optimization d e s i gn i ng in the design can be realized by making the 
electron emission characteristics and the electron beam focusing characteristic 
independent from each other. 
[0068] 



Still further, according to another example of the image display device of the 
present invention, by forming the cathode using tbe-a_single electrode and applying 
the-a_DC voltage to the cathode, by performing the-matrix driving using the control 
electrodes and the acceleration electrodes and by performing tbe-triode electron 
emission, the tolerance in positioning between the electron sources and the electron 
passing holes formed in the control electrodes and the tolerance in current of the 
control electrodes are enhanced^ and A hence, the maximum current can be obtained 
structurally. Accordingly, the effective diameter of the electron sources is not limited, 
the formation of the fine pattern of the electron sources becomes no more -longer 
necessary, and the wiring pattern also becomes no mefe -longer necessary: and A 
hence, the structure is simplified-^ whereby it is possible to obtain the-excellent 
advantageous effects^ including following advantageous effects. That is, the panel 
cost can be largely reduced. Since the- high accuracy efi -of the parts and the 
assembly thereof is not strictly required, a- the yield rate can be largely enhanced. 
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